The sol-gel process is the method for preparation of inorganic metal oxides under mild conditions starting from organic metal alkoxides.
alkoxides, followed by polycondensation of the hydrolyzed intermediates. Recently, the sol-gel reaction have been applied to the reaction in polymer matrix to prepare inorganic and organic hybrid materials.
Polyimides are known as reliable high temperature polymers, especially in the aerospace and electronics industries. As shown in eq.1, polyimide 4 which are usually insoluble in organic solvents, are prepared from the soluble precursor, polyamic acid 3. In these fields, they
require new materials such as high temperature polymers possessing high modulus and strength, and, especially in microelectronics, low thermal expansion coefficiency. Although polyimidessilica composites have been used in an industrial scale to improve polyimide properties, a few tens percent of inorganic silica particle can be mixed into the polymer matrix. If polyimide-silica hybrid materials with high silica content are successfully prepared, they must be accepted as new high performance materials.
In this paper, we report the first successful preparation of the silica-polyimides hybrid materials by the hydrolysis-polycondensation of TEOS in polyamic acid solution, and by subsequent heating of the resulting film at 300 C( Two types of polyamic acids were synthesized. One of them was usual polyamic acid 3 which possessed no ethoxysilyl group in the polymer chain. The other type of polyamic acids had the pendant ethoxysilyl groups. The latter polyamic acids were synthesized by copolymerization of PMDA, ODA, and ethoxysilylated diamines _5, ~, and '~. Inherent viscosides of the polyamic acids were 0.8-1.7 dL/g, that indicated sufficient high molecular weight to make tough films.
The preparation of polyimide-silica hybrid films is shown in Scheme 1. First, a various amount of TEOS and water were added to the polyamic acid solutions, second, the resulting homogeneous mixtures were cast onto a glass plate to prepare the polyamic acid-silica hybrid films, and finally, the polyimide-silica hybrid films were obtained by heating the precursor hybrid films at 300 °C under vacuum. 395 J. Photopolym. Sci. TechnoL, Vol. 5, No.2, 1992 Self standing films were obtained even when the films contained 70 wt% of silica. The solutions of the precursor polyamic acid-silica mixtures before casting on a glass plate were homogeneous in all cases. Significant improvement in the optical transparency was achieved by the ini roduction of the ethoxysilyl groups in the matrix polyimides.
According to the SEM observation, silica particles were observed as the white beads having diameter of 5-7 µm in the hybrid films prepared from the polyamic acid _3 without any ethoxysilyl group. The diameter decreased with increasing the amount of ethoxysilyl group in the polyimide backbone, and the films came to be transparent. In the case low content of silica, the particles were independently observed in the SEM photograph, while the more compatible figure was obtained in the higher amount of silica.
In the dynamic mechanical behavior, the higher modulus was obtained at higher silica content, whereas loss of the modulus at the glass transition temperature decreased with increasing the silica content. In some cases, this kind of loss of the modulus could not be observed clearly, where the hybrid films contained larger amount of the ethoxysilyl groups in the matrix polyimides. The values of the storage modulus also increased with increasing the number of the ethoxysilyl groups in comparison in the films containing the same amount of silica. Such results of the storage modulus curves support that the silica particles dispersed more homogeneously in the matrix polyimides in the order of content of the higher amount silica. One of the key technology in the science of polymer-metal oxide hybrid materials is to control the morphology of the hybrid materials. Because we used sufficiently high molecular weight polyamic acids (precursor of polyimides), the phase separation between the polymers and polysilicate easily occurred. Silica grew up to a large particle and there was no adhesive interface between the polyimides and silica, unless the matrix polyimides had the connecting points with the silica particle. On the other hand, the particle size decreased with increasing the amount of ethoxysilyl group in the matrix polyimides. Finally, the transparent hybrid films containing 70 wt% of silica were obtained. The effect of introduction of ethoxysilyl group was clearly observed in the dynamic mechanical and mechanical properties as the reinforcing effect.
Polymer-metal oxide hybrid materials reported so far consisted of the binodal decomposition, where both components exist independently like metal oxide particles in the polymer matrix.
On the other hand, it should be possible to occur the spinodal decomposition at the phase separating point, if the chemical structure of the polymers, the solvent, and the temperature of the processing were properly selected.
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